The study of RNA tumor viruses has defined a set of genes (oncogenes) capable of inducing neoplastic transformation. Subsequent analysis has revealed that viral oncogenes (vonc) are very closely related to sequences present in the genome of normal cells (c-onc). Retroviruses acquire oncogenic sequences from cells in a process analogous to the incorporation of genetic material from host cells by transducing bacteriophages. At present, more than 20 oncogenes. identified by their association with RNA tumor viruses or by DNA-mediated gene transfer (transfection), have been described (2) (3) (4) 8) .
We know a great deal about the role of some of the viral oncogenes in cell transformation but almost nothing about the function of their normal cell counterparts. Given that these genes are highly conserved during evolution (2, 3) , there is reason to believe that cellular oncogenes play some essential role in the control of normal growth, embryogenesis, or differentiation. Experimental evidence for the regulated expression of cellular oncogenes in nonneoplastic growth is, however, meager.
Regeneration of rat liver after partial hepatectomy or chemical injury is a good experimental system to study the reentry of normally quiescent cells into the cell cycle (6) . The sequence of events which takes place during compensatory growth of rat liver after partial hepatectomy has been extensively described, but many of the mechanisms controlling the different stages of the process remain to be uncovered. During the prereplicative stage (hypertrophy), there are increases in ribosomal RNA, in the size of polysomes, and in the amount of polyadenylated [poly(A)+] mRNA in polysomes (1, 16) . Hepatocyte DNA replication (hyperplasia) starts ca. 12 to 24 h after partial hepatectomy, reaches a maximum at 24 h, and is followed 6 to 8 h later by a wave of mitosis (23) . A second peak of DNA synthesis is detectable at 40 to 48 h after the operation (6, 23 performed by the method of Higgins and Anderson (25) . Conditions pertaining to animal maintenance and surgery have been described previously (17, 41) . In experiments involving CC14 injury, rats received a single intragastric dose of 0.5 ml of 50% CC14 (diluted in olive oil) per 100 g of body weight (37) . RNA extraction. Livers were homogenized, and polysomes were isolated by magnesium precipitation as previously described (17, 37, 41 Determination of c-rasK transcripts. Preliminary experiments indicated that the HiHi 380 probe hybridizes with BS-9 DNA under the hybridization conditions described above. However, when the temperature of hybridization was raised to 50°C, there was no cross hybridization between the HiHi 380 (rasK) and BS-9 (rasH) probes (data not shown). All hybridization reactions inyolving the HiHi 380 probe described in this paper were done at 50°C. Under these conditions, the rasH and rasK probes detected distinct RNA transcripts (see below).
RESULTS
To determine the sensitivity of the RNA blotting procedure, various amounts pf liver polysomal poly(A)+ RNA B 1.5
were electrophoresed in 1.1% agarose-formaldehyde gels, transferred to filters, and hybridized with labeled BS-9 DNA (rasH). There was a linear increase in the intensity of the labeled band at 1.2 kb as the amount of RNA blotted was increased from 0.5 to 5 p-g ( Fig. 1A and B) .
We compared the amount of c-/rasK and c-i-risH transcripts in polysomal poly(A)' RNA obtained from livers of normal and sham-operated rats and from regenerating livers at 12, 18, 24, 36, 48 . and 96 h after partial hepatectomy by using the dot-blot procedure. Transcripts of c-r.asK increased dramatically during regenerative growth, reaching a maximum by 36 h and returning to basal levels at 96 h. At 24 h after partial hepatectomy. the levels of c-r-asK transcripts in polysomal poly(A)Y RNA were at least 10 times higher than those in sham-operated rats and 20 to 50 times higher than the amounts detected in mRNA preparations from normal livers (Fig. 2) . As previously described (18. 21) . c-irasH transcripts also increased during liver regeneration (Fig. 3a) , and their elevation also roughly coincided with the first and major wave of DNA synthesis during liver regeneration after H partial hepatectomy. Maximum levels of c-ras transcripts in regenerating liver were approximately three to five times higher than normal. Because of the relatively low levels of expression of these genes in normal and sham-operated rats, the exact magnitude of the increase occurring after partial hepatectomy was difficult to determine. However, the changes in hybridization detected with regenerating liver mRNA relative to mRNA from livers of normal or shamoperated rats proved to be reproducible with different RNA preparations (each obtained from 8 to 10 rats). The number of counts hybridized in each experiment varied with the specific activity of the labeled DNA probe.
Recent studies suggest that mt'lu and ras genes interact in inducing transformation in primary cell cultures (27) . We 24 h later than in the regeneration of the liver after partial hepatectomy. In both regenerative processes (Fig. 3A  and B) , there was a considerable increase in c-mvc transcripts (fivefold at 18 h after partial hepatectomy and 24 h after CC14 injury). After partial hepatectomy, c-invc transcripts reached maximum levels ca. 12 to 18 h before the maximal increase in c-ras gene expression and 6 h before the time of maximal DNA synthesis (Fig. 3A) . After CC14 injury, maximal elevation of c-myc transcripts preceded the maximal changes in c-rasH transcripts and the peak of DNA synthesis by about 24 h (Fig. 3B) . A second but smaller elevation in cinvc transcripts occurred 48 h after partial hepatectomy, coinciding with the second, less prominent wave of DNA replication (Fig. 3A) .
To determine whether the elevation of c-rasH, c-rasK. and We determined whether there are changes in the size of cras c-rasK, and c-mvc transcripts (Fig. 4) (33) . The data in Fig. 4 We now know the cellular location of a number of oncogenic proteins and, in some cases, the enzymatic and physical properties of the proteins (2) (3) (4) 8) . However, the role of the cellular oncogenes in normal cellular processes is at present, poorly defined. There have been two basic experimental designs to study the role of cellular oncogenes in normal tissues in vivo. The first involves the examination of various tissues of an animal for differential expression of these genes: the other consists of analyses of cellular oncogene expression in embryos at different stages of development and neonatal animals (19, 31, 32) . Although some specificity of oncogene transcription in different tissues, stages of embryonic development, and extraembryonal membranes has been described, it is not yet possible to draw general conclusions from the data. Obviously, these studies must be coupled with the establishment of an appropriate in vitro system which will permit the study of the role of oncogenes 132P-labeled v-rasH probe (@) and to a 32P-labeled v-mnyc probe (x) as described in the text. The hybridization values shown on the ordinate are expressed as percentage of normal, relative to values obtained by hybridization of liver RNA from normal rats to the same probes (150 cpm for the ras probe and 60 cpm for the invyc probe. after subtraction of background values). The abscissa shows the time after partial hepatectomy or CC14 administration at which the animals were killed. Each RNA preparation was obtained from 8 to 10 partially hepatectomized rats and 3 to 5 rats which received CCI4 intragastrically. Curves for c_lraSH transcripts were redrawn from reference 21 (dashed lines).
in the normal cell cycle and in the neoplastic transformation of these cells.
Regenerative growth of the liver provides an interesting system to examine the role of cellular oncogenes in nonneoplastic growth. After partial hepatectomy, cells reenter the cell cycle in a reasonably synchronous manner leading to a major wave of DNA replication at 24 h, followed by a mitotic wave 6 to 8 h later. In young animals, a second peak of DNA synthesis is detectable at 48 h. reflecting DNA replication in RASH 1.2kb ductal and littoral cells and in hepatocytes going through a second round of cell division (6, 23 (42) . and in fibroblasts transformed by 3-methyl-cholanthrene (14. 36) . In addition to its activation in human. murine. and avian hemopoietic neoplasias (24, 29, 33) . c-rnwc is amplified in human lung cancer cell lines (28) and highly expressed in cell lines derived from human lung and ovarian tumors (15) growth in what appears to be a sequential manner. It has been known for some time that c-mnyc acts in concert with a second oncogene, c-blym, in virus-induced bursal lymphomas of chickens (20) . The same two oncogenes appear to be implicated in the genesis of Burkitt lymphomas as well (11) .
Recently, Land et al. (27) reported that mnyc can function in conjunction with activated c-1rasH genes isolated from the EJ human bladder carcinoma cell line to transform normal rat fibroblasts in culture. These and other results (34, 40) suggest that oncogenes may cooperate in a multistep process of transformation. Oncogene products which are located in the nucleus, such asmvc, adenovirus EIA, or polyoma large T-antigen, may function to immortalize cells, whereas those which reside in the plasma membrane, such as as or polyoma middle-T antigen. may transform cells if they have been immortalized (27, 40 tion of c-mvc is dramatically elevated (7, 26) . The kinetics of induction of c-rasH and c-rasK suggest a role concomitant with or subsequent to DNA synthesis, perhaps in mitosis.
The activation of c-mnvc during the early stages of liver regeneration may alter the response of hepatocytes to humoral factors or may in itself be a result of the action of one or more of these factors or of changes in the composition of plasma brought about by the functional demands on the liver after partial hepatectomy.
